microRNA172 (miR172) accumulation is regulated by ambient temperature.
Interestingly, miR172 accumulation is ambient temperature-responsive (27) abundance is reduced significantly in fca mutants (22) , raising the possibility that miR172
would be involved in the FCA-mediated thermosensory flowering.
In this work, we demonstrate that FCA regulates the processing of primary transcripts of miR172 and other temperature-responsive miRNAs, such as miR398 and miR399 (27) .
FCA binds to the flanking sequences of the stem-loop in the primary miRNA transcripts.
FCA activity is modulated by ambient temperature at both the transcriptional and protein levels. These observations support that FCA serves as a platform for miRNA processing by incorporating temperature signals into the miRNA processing machinery.
EXPERIMENTAL PROCEDURES

Plant Materials and Growth Conditions -
Arabidopsis thaliana lines used were in Col-0 Table S1 .
Data processing and determination of reaction specificities were carried out as described previously (30) . (Fig. 4D) . In contrast, the miR172 levels were similar at both temperatures in the 35S:pre-miR172b transgenic plants ( S4 ). These observations indicate that ambient temperature modulates the pri-miR172-to-premiR172 processing step.
We also transformed the pri-miR172b
gene construct into fca-9 and fve-3 mutants, and miR172 levels were measured in the transgenic plants grown at different temperatures. Whereas the temperature effects on miR172 processing were maintained in the fve-3 background, the temperature effects disappeared in the fca-9
background (Fig. 4F ). The lack of temperature effects in the miR172-overproducing fca-9
plants, unlike the small effects on miR172
processing in the parental fca-9 mutant (Fig. 3A) , is certainly because the miR172 levels are extremely high in the miR172-overproducing fca-9 plant (supplemental Fig. S5 ). These observations indicate that FCA plays a primary role in ambient temperature regulation of miR172 processing.
FCA Binds to Pri-miR172 Transcripts -FCA is
an RNA-binding protein that has two copies of RNA recognition motifs (RRMs) in the Nterminal region (15, 16) . We therefore anticipated that it would regulate pri-miR172
processing by directly binding to the pri-miR172 transcripts.
To test this hypothesis, we carried out RNA binding assays using nuclear extracts However, under high stringent washing conditions containing 0.3% Triton X-100, FCA bound only to the pri o -miR172b RNA (Fig. 5D,   top panel) . Meanwhile, FCA did not bind to double-stranded DNAs corresponding to the pri o -miR172b and pre-miR172b RNAs (Fig. 5D,   middle panel) . FCA also bound to the pri omiR172a RNA (supplemental Fig. S6F ), but it did not bind to the pri o -miR172c RNA (supplemental Fig. S6G ). These observations
show that FCA binds primarily to some, if not all, of the primary miR172 transcripts, which is also consistent with the in vivo interaction of native FCA with pri-miR172 transcripts (Fig.   5C ).
To determine the sequence element of the pri-miR172 transcripts required for FCA binding, we generated several deletion forms of the pri o -miR172a and pri o -miR172b RNAs (Fig.   5E ). A set of in vitro pull-down assays revealed that FCA binds to the flanking sequences at both sides of the pri o -miR172b RNA with a preference to the 3' flanking sequence (Fig. 5F ).
Notably, FCA also bound to the P3 deletion forms missing the stem-loop sequences.
Together with the FCA binding to pri-miR172 transcripts but not to pre-miR172 transcripts, these data demonstrate that FCA binds in a nonsequence-specific manner to the single-stranded flanking sequences of the stem-loops of at least pri-miR172a and pri-miR172b transcripts. The non-sequence-specific FCA binding to singlestranded RNA molecules has also been reported previously (11) .
FCA Binds to the Primary Transcripts of
miR398 and miR399 -Our data indicated that FCA binds to the pri-miR172 transcripts and promotes pri-miR172 processing. Besides miR172, several additional miRNAs, including miR156, miR398 and miR399, have been reported to be ambient temperature-responsive (27) . Therefore, a question was whether FCA also regulates the processing of these miRNAs.
We first measured the levels of miR156, miR398 and miR399 in fca-9 mutant and 35S:FCA transgenic plants. miRNA northern blot analysis revealed that the levels of miR398 and miR399 were reduced detectably in the fca-9 mutant (Fig. 6A) (Fig. 6, F and G) .
RIP assays using nuclear extracts of the 35S:FCA transgenic plants confirmed that FCA interacts with the pri-miR398 and pri-miR399
transcripts in vivo (Fig. 6H) . Together, these observations indicate that FCA mediates the primiRNA processing of various miRNAs involved in ambient temperature responses.
Notably, FCA activity is not restricted to temperature-responsive miRNAs. It was found that the levels of miR159, miR164, and miR167, which are uninfluenced by ambient temperature (27) , are reduced obviously in the fca-9 mutant (supplemental Fig. S7A ). In addition, FCA associated with pri-miR159 and pri-miR164 transcripts in vivo (supplemental Fig.   S7B ). S9 , B and C).
FCA Activity Is Temperature-Regulated at Both
We found that FCA binds to primiR172 transcripts to promote its processing.
However, FCA has no ribonuclease activity (11) . (Fig. 7D ). It will be interesting to examine whether the 3'end termination of the pri-miR172 transcripts is affected in fca mutants.
Identification of FCA-interacting partners would also help elucidate how FCA regulates the 3'end pri-miRNA processing step. Alternatively, miR172 accumulation would be regulated at least in part at the transcriptional level (27) , in which FCA may also be involved. We found that although the overall levels of miR172 were reduced in fca-9 mutant, miR172 accumulation was still sensitive to low temperatures (Fig. 3A) , We found that although mutation of SVP gene eliminates the effects of ambient temperature on flowering time (7), miR172 accumulation was still influenced by ambient temperature in the svp mutants (Fig. 3, D and E) .
However, the rate of elevation of miR172 levels for total RNA extraction. mRNA levels were examined by qRT-PCR (t-test, *P<0.05). D, miR172 levels in 35S:pri-miR172b transgenic plants.
E, miR172 levels in 35S:pre-miR172b transgenic plants.
F, miR172 levels in flowering time mutants overexpressing pri-miR172b construct driven by the CaMV 35S promoter. The assays were carried out as described in Fig. 5 .
A, Levels of miR156, miR172, miR398, and miR399. H, RIP assays on in vivo binding of FCA to pri-miR398 and pri-miR399 transcripts. In A-C, mRNA levels were determined by qRT-PCR (t-test, *P<0.05).
A, Effects of ambient temperature on the accumulation of FCAγ mRNA. qRT-PCRs were carried out using the plant materials described in supplemental Fig. S1 . by guest on November 7, 2017 
